Aquaporin-5 (AQP-5) is a water-transporting protein expressed in mammal sweat glands. It has been reported that the expression of AQP-5 is involved in sweating of mice, rats, and horses. However, the physiological function of human AQP-5 is still uncertain. In this report, we examined the expression pattern of AQP-5 in the skin lesions of palmoplantar hyperhidrosis in patients with Nagashima-type palmoplantar hyperkeratosis (PPK). We found that there was no significant difference in AQP-5 expression in the palmoplantar skin of healthy subjects and patients with palmoplantar hyperhidrosis. Our findings suggest that a mechanism other than AQP-5 may be involved in the pathogenesis of hyperhidrosis in PPK.
Introduction
Aquaporin (AQP) is a water-transporting protein that has a variety of physiological functions in the skin [1] [2] [3] . Among AQPs, AQP-5 is known to be expressed in mammalian sweat glands. It has been reported that the expression of AQP-5 is involved in the sweating of mice, rats, and horses [4] . The physiological function of human AQP-5, however, remains unknown. In humans, AQP-5 is expressed in the sweat glands. While AQP-5 was reported to be aberrant in the sweat glands in aquagenic wrinkling of the palms [5] , others reported that its expression was not affected in the lesions of idiopathic segmental anhidrotic scalp skin and primary hyperhidrotic axillary skin [4, 6] . Therefore, it remains unclear whether the AQP-5 expression profile is related to the abnormal regulation of the sweat glands.
Meanwhile, it is known that some kinds of palmoplantar hyperkeratosis (PPK), especially Unna-Thost-type and Nagashima-type, accompany palmoplantar hyperhidrosis [7, 8] .
Herein, we evaluated human AQP-5 expression in the lesions of palmoplantar hyperhidrosis in PPK.
Case Presentations
During a 3-year period (2006) (2007) (2008) , a diagnosis of palmoplantar hyperhidrosis with PPK was made in 7 patients (4 males and 3 females, mean age ± standard deviation 34.6 ± 22.8 years, range 8-67). Skin samples were taken from the palms and soles of those patients and the healthy subjects (2 males and 4 females, mean age 51.5 ± 15.9 years, range 27-66). Deparaffinized sections were immersed in 10 mM sodium citrate solution for 10 min at 96°C for antigen retrieval. Endogenous peroxidase activity was blocked by 0.3% hydrogen peroxide for 30 min. Staining for AQP-5 was incubated with rabbit polyclonal anti-AQP-5 antibody (AB3559; Millipore, Billerica, Mass., USA) at a dilution of 1:200 for 1 h at room temperature. Slides were incubated with biotinylated anti-rabbit IgG, and then with horseradish peroxidase-conjugated ABC reagent (Vector Laboratories Inc., Burlingame, Calif., USA). Coloring reaction was performed with a conventional substrate for diaminobenzidine (Vector Laboratories Inc.). This study was carried out in accordance with the Declaration of Helsinki, and was approved by the ethics committee of the Kyoto University. Informed consent was obtained from all patients enrolled in the study. The results showed that AQP-5 was expressed in the plasma membrane of the clear cells in eccrine sweat glands and the luminal plasmalemma of the dark cells. There was no significant histological difference between palmoplantar hyperhidrosis and healthy subjects ( fig. 1 ).
Discussion
It has been reported that AQP-5 protein is present in the apical membrane and cytoplasm of the dark cells in the secretory sweat coil [5] , and that it is also expressed in the plasma membrane of clear cells [4, 6] . The aberrant expression of AQPs may be derived from the translocation from intracellular vesicles to the plasma membrane by external stimuli to regulate the membrane permeability [9] .
In this report, there was no significant difference in AQP-5 expression in the palmoplantar skin of healthy subjects and patients with palmoplantar hyperhidrosis. In addition, a recent study reported that there was no linkage to AQP-5 gene loci and primary focal hyperhidrosis, which is a disorder involving excessive sweating [10] . Therefore, a mechanism other than AQP-5 may be involved in the pathogenesis of hyperhidrosis in PPK. Further analysis on the expression pattern of AQP-5 in other hyper-or hypohidrosis patients is warranted. 
